Background: Depressive disorders and depressive symptoms occur commonly
Conclusions: Informant-rated pre-morbid neuroticism and a past history of mental disorder were found to be important predictors of depression following stroke. Stroke side was not significantly related to risk of depressive symptoms following stroke.
BACKGROUND
Stroke is a well-recognised cause of physical disability, with one in three stroke survivors enduring paralysis and physical impairments and almost two in three requiring assistance with mobility (Australian Heart Foundation, 1999) . Less well recognized is the significant incidence of comorbid psychiatric symptoms and disorders that may accompany stroke. Depressive disorders occur frequently following stroke with prevalence estimates ranging from one in five to approximately one half of all stroke patients (Kotila et al., 1998) . Nevertheless, depressive disorders commonly remain undetected or are regarded as understandable reactions to a catastrophic life event (Robinson & Price, 1982; Finkelstein et al., 1987) . In recent years a number of studies have examined the aetiology, clinical course and treatment of post-stroke depression (Gall, 2001 ). The evidence from these studies suggests that post-stroke depression is a heterogeneous group of disorders of multifactorial aetiology and differing clinical presentations (Andersen et al., 1995; Burvill et al., 1997) .
A number of predictors for post-stroke depression have been identified. These include factors related to the stroke itself and its sequelae, as well as risk factors for Major Depression in general. Greater cognitive impairment and physical disability following stroke have generally been shown to predict post-stroke depression (Bacher et al., 1990; Downhill & Robinson, 1994) . However, findings with respect to lesion location have been contradictory. Early findings by Robinson and colleagues, which demonstrated post-stroke depression occurred more commonly in patients with leftsided lesions , have not been replicated by later studies (Singh et al., 2000) . A number of studies have shown that post-stroke depression shares risk factors in common with Major Depression occurring in other circumstances, including female gender and past personal and family history of depression (Gall, 2001) .
Whilst premorbid neuroticism is a risk factor for Major Depression (Hirschfeld et al., 1989; Widiger et al., 1999) , the relationship between premorbid personality and poststroke depression has received little attention. Two studies of a single post-stroke cohort, which used a subset of the Eysenck Personality Inventory to assess premorbid personality, have suggested that premorbid neuroticism predicts post-stroke depression (Morris et al., 1992; Morris & Robinson, 1995) . However, to our knowledge, this work has not yet been replicated.
The present study was undertaken to investigate the relationship between premorbid personality and other clinical factors and the prevalence of depression in the acute post-stroke period. It sought to determine whether the previous work that demonstrated a significant positive association between premorbid personality and post-stroke depression could be replicated.
METHOD

Participants
Using a cross-sectional design, we recruited a cohort of patients admitted consecutively to the Stroke Unit, Royal Brisbane & Women's Hospital (RBWH) between 15 June 2001 and 17 June 2002. Exclusion criteria included severe hearing or visual impairment, severe aphasia, severe cognitive impairment (MMSE score less than 12), illiteracy and inability to speak English. The RBWH research ethics committee approved the study and each stroke patient and informant who participated gave written informed consent.
Stroke patients were examined during the acute phase post stroke, while still inpatients in the Stroke Unit, approximately two weeks after admission to hospital.
Two weeks post-stroke was chosen as the time for assessing the presence of depression because of the brief median length of inpatient stay (15 days). Putative predictor variables for depression were assessed. These included informant-rated premorbid personality, past psychiatric history, lesion location, functional disability, cognitive impairment, and socio-demographic factors. The outcome variables were presence of current CIDI/DSM-IV Major Depressive Disorder (MDD) and current depressive symptoms.
Measures
Data on age, gender, marital status, type of accommodation, and education were collected at interview. Type of accommodation was assessed to be own home, aged persons hostel or nursing home. Education was measured by number of years of primary, secondary and tertiary education undertaken. Past psychiatric history was ascertained by asking participants whether they had ever suffered from depression, anxiety, or "nerves". A similar question was used to ascertain family psychiatric history.
Data on side of lesion were obtained from a review of clinical findings and neuroimaging studies (mainly CT scans). Cognitive status was rated on the MMSE (Folstein et al., 1975) . Basic activities of daily living (ADL) were assessed using the Modified Barthel Index (MBI; Mahoney & Barthel, 1965) . The validity of the MBI has been demonstrated in studies of stroke patients; however, it is relatively insensitive to mild levels of disability. Therefore stroke patients' functional status was further assessed on the Instrumental Activities of Daily Living Scale (IADL; Lawton & Brody, 1969) .
To minimize the likelihood that current mood or neurocognitive status might confound self-ratings of premorbid personality function, informant ratings of each patient's premorbid personality were made by an adult who had known the patient for at least 10 years prior to the stroke on the NEO Personality Inventory-Revised (Costa & McCrae, 1991) . The 240-item NEO PI-R measures five factors of adult personality: Neuroticism (N), Extraversion (E), Openness (O), Agreeableness (A) and Conscientiousness (C). The Five Factor Model of personality, developed in the 1980s, has been shown to have validity between observers and across instruments, and to endure throughout adult life. The NEO PI-R has strong scale reliability, stability, and construct validity in both clinical and research settings, for both self and informant-rated versions (Piedmont et al., 2000) . The stroke patient's spouse or someone who knew them well was asked to complete the scale based on their recollection of the stroke patient's usual behaviour at least ten years prior to the stroke.
Depression was assessed in each stroke patient using both categorical and dimensional (Parikh et al., 1987; Shinar et al., 1986) . Overlap with physical illness has been demonstrated to be minimal (Foelker & Shewchuk, 1992) . Scores range between 0 and 60, with higher scores indicating more severe depression. CES-D scores of 16 or above are generally thought to be clinically relevant.
Data analysis
Statistical analyses were undertaken using Stata 8.0 for Windows (Stata Corporation, College Station, TX). Data were checked before being entered on a computer database. Dimensional data were analysed using standard parametric techniques.
Ordinal and categorical data were analysed using chi-square analysis. The critical value of alpha was set at 0.05 and all tests were two-tailed.
RESULTS
Stroke Population
One hundred and seventy-seven patients with a clinical diagnosis of completed stroke were admitted to the RBWH stroke unit over the period of the study. Of these, 77
were excluded from the study: 14 with severe aphasia, 5 with severe cognitive impairment (MMSE < 12), 4 due to severe hearing or visual impairment, 4 due to non-fluency in English, 10 for lack of capacity to give informed consent, 21 who declined to give consent, and 19 who were too physically ill to participate. This left a total of 100 potential participants for the study, 56.5% of the original total. Of these, 61 had an informant who agreed to complete the NEO PI-R.
Participant Characteristics
Sociodemographic and clinical descriptive data for the stroke patients are shown in total of 17 patients (32.8%) scored above the cut-off. Similarly, using a score of 13 or above on the HAM-D, 20 (39.3%) were rated as suffering from clinically significant depression. These cutting points were chosen on the basis of existing work on depression following stroke (Parikh et al., 1988; Andersen et al., 1994 indicating participants ranged from being independent in daily activities to suffering from marked disability and requiring substantial assistance with mobility, feeding and other aspects of self-care. Table 2 shows the informant-rated personality data for the stroke patients. Overall, the patient group was rated higher on the factors of Agreeableness and Conscientiousness and lower on Extraversion and Openness, findings not unexpected in a predominantly elderly population (McCrae & Costa, 1999) . As a whole, the patient group was rated lowest on the Neuroticism factor, though results varied widely. There were no other significant associations between NEO PI-R personality factors and dimensional scores of depression (see Table 3 ).
Personality Data
Personality and Other Risk Factors for Depression.
Multiple regression analyses were conducted to examine possible factors influencing the two measures of depression. Age, gender, stroke side, past personal or family history of depression, anxiety or nerves, and measures of cognitive and physical function were considered to be potential influences on risk of depression. NEO neuroticism and agreeableness score were also included on the basis of results of the correlational analysis.
We found significant independent associations between CES-D score and NEO neuroticism score and a past personal history of mental disorder (Table 4) . However, there was no significant association between CES-D and side of the stroke lesion, post-stroke cognitive performance, post-stroke physical functioning, gender, family history of mental disorder, or NEO agreeableness scores.
Similarly, HAM-D score was predicted by NEO neuroticism score and past history of mental disorder, but not by any of the other variables included in the regression analysis (Table 4) .
Risk of Depression Conferred by Neuroticism and a History of Mental Disorder.
Using cut-off scores of ≥16 on the CES-D (Parikh et al., 1988) and ≥13 on the HAM-D (Andersen et al., 1994) to define depression potentially requiring treatment, odds ratios were calculated for premorbid neuroticism and a past history of mental disorder. A raw score on the neuroticism subscale of ≥82 was used to define individuals high in neuroticism according to NEO PI-R normative data (Costa & McCrae, 1991 
DISCUSSION
The current study identified a high prevalence of clinically significant depression, in keeping with results of previous studies of the acute post-stroke period (Fedoroff et al., 1991; Downhill & Robinson, 1994) . Seven patients (11.5%) suffered from Major Depression, a rate comparable to other studies of post-stroke depression in acute hospital settings (Herrmann & Wallesch, 1993; Paradiso & Robinson, 1999) , and approximately ten times the point prevalence of 1.0% for Major Depressive Disorder found in the Australian population aged 70 and over (Henderson et al., 1993 ).
In the current study, both self-rated depression and clinician-rated depression were strongly associated with informant-rated neuroticism measured by the NEO PI-R.
This association is consistent with the results of the studies by Morris and colleagues (Morris et al. 1992; Morris & Robinson, 1995) . The present study demonstrated that high neuroticism conferred a 3-to 5-fold greater risk of post-stroke depression. A past history of depression has been shown previously to be a risk factor for post-stroke depression (Andersen et al., 1995) . The current study found that a past history of depression, anxiety, or "nerves" conferred at least an eight-fold risk of post-stroke depression, consistent with other research (Ng et al., 1995) .
No significant associations were found between dimensional scores of depression and other characteristics of the patient population that were examined, including age, gender, family history of anxiety or depression, side of stroke lesion, and physical and cognitive functioning. Previous studies suggested that stroke-related variables are risk factors for post-stroke depression (Gall, 2001) . In contrast, our findings suggest that individual premorbid differences, rather than stroke characteristics, are more important predictors of depressive symptoms in stroke patients.
However, the current study has a number of limitations and these should be considered when interpreting the findings. Firstly, the sample size was relatively small, limiting the power of the study. Secondly, there were a large number of stroke patients excluded from the study and this may have affected the findings in unpredictable ways. Thirdly, the participants were drawn from admissions to an acute stroke unit in a large tertiary referral hospital. It is possible that the patient population differed clinically from inpatient populations of general hospitals without a specialized stroke unit. Finally, reports by persons who knew the stroke patient well for ten years or more prior to the index stroke were used to gain data on premorbid personality. Although this approach reduces the risk of confounding current status with premorbid status that might occur with self-ratings of premorbid personality in stroke patients, this approach is not without its own challenges. Informants may idealize the stroke patient who is undergoing a major life event and it is possible that the patient's current behaviour and mood state might influence the recollections of the informant.
Taken in conjunction with the literature, the findings of the current study have a number of implications for the assessment and management of post-stroke depression.
Firstly, depression in the acute period following stroke is common and the findings of the present study suggest that the CES-D would be a practical instrument to use for screening stroke patients in the acute hospital setting. Identification of patients suffering from depression following stroke enables clinicians to initiate prompt treatment, thereby potentially improving the course of the depressive disorder and reducing its impact upon post-stroke rehabilitation. Citalopram and nortriptyline have been demonstrated to significantly improve the course of post-stroke depression (Lipsey et al., 1984; Andersen et al., 1993) . A Cochrane review of antidepressant treatment for depression in medical illness, including the latter two studies of stroke patients, reported that approximately 4 patients would need to be treated with antidepressants to produce one recovery which would not have occurred without treatment (NNT 4.2, 95% CI 3.2-6.4; Gill & Hatcher, 2003) . Secondly, a past history of mental disorder is strongly associated with post-stroke depression. Staff should determine whether stroke patients have a past psychiatric history. The literature suggests that questioning either the patient or a family member provides sufficient detail for the purpose of screening (Eastwood et al., 1989; Ng et al., 1995) . Thirdly, the current study supports previous work identifying neuroticism as a risk factor for post-stroke depression. Asking about a patient's personality style should assist in screening for those at risk of developing depression; an informant could be asked to comment on whether the stroke patient is a worrier or prone to "nerves". Finally, the current study raises questions about other risk factors for post-stroke depression. The absence of any significant relationship between gender or stroke location and depression found in the current study and in other research suggests that these factors might not be useful markers for depression in this particular group of patients.
Conclusions
Informant-rated neuroticism and a past history of mental disorder are important predictors of depression following stroke. In this study, stroke side was not related to risk of depressive symptoms following stroke.
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